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ABSTRACT
Experimentally produced bovine fibropapillomas could be divided into the stages of in-
flammatory reaction, fibroplasia, acanthosis, papillomatosis and regression. In the stage of
papillomatosis, characteristic clear or vacuolated cells developed intranuclear inclusion bod-
ies which had a DNA type of fluorescence with cuchrysinc stain, were Feulgen positive, and
consisted of aggregations of bovine papilloma viruses.
There was prominent enzyme activity of DPNH-diaphorase, TPNH-diaphorase, cyto-
chrome oxidase, succinic dchydrogenasc, and esterase in the hypcrplastic epithclial cells of
the acanthotic stage. These enzyme activities decreased progressively toward the keratinized
layer in the stage of papillomatosis and regression. Proliferating fibroblasts in the dermis
exhibited intense activity of cytochromc oxidase, DPNH-diaphorase, TPNH-diaphorase,
succinic dchydrogenase, aminopeptidasc, alkaline phosphatase, and nonspecific esterase.
These enzyme activities decreased gradually as fibroblasts matured to fibrocytes in the
stages of papillomatosis and regression.
Cutaneous bovine papillomatosis is an infec-
tious benign skin tumor caused by bovine
papilloma virus (BPV) and characterized by a
fibromatous proliferation of tbe dermis with
epidermal byperplasia. The oncogenic action of
the BPV is unique among the papilloma viruses
in that it can cause neoplastic reaction of epi-
dermal and mesenchymal elements of various
organs of different species of experimental ani-
mals. The BPV is distinctly oncogenic in
bovine skin, urinary bladder (1), genital
mucosa (2), and brain (3). In addition, it can
induce connective tissue tumors in tbe horse
(4), hamster (5, 6, 7), and mouse (5).
There have been reports of light and electron
microscopic studies on bovine fibropapillomas
(8, 9, 10, 11, 12). In the present study, electron
microscopic and histoohemical techniques have
been used to elucidate the nature of the inclu-
sion bodies and to examine the enzymatic and
morphologic characteristics of various stages of
experimentally produced bovine papillomatosis.
MATERIALS AND MLETIIODS
Cutaneous fibropapillomas (warts) were pro-
duced in newborn Holstein calves by successive
intradcrmal iniections of 02 ml of bovine
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versity of Wisconsin, Madison, Wisconsin 53706.
loma suspension given at various intervals. Biopsy
specimens were obtained 1 day, 3 days, 1 week, and
at about 2 week intervals up to 60 weeks after the
initial inicction.
The biopsy materials and normal bovine skin
were immediately frozen with dry ice for enzyme
histochemical studies. Serial sections 6 to S i thick
were cut in a cryostat (—18° C) within 2 hours
after biopsy. Frozen sections were stained with
hematoxylin and cosin and other sections were
used for histochemistry. Succinic dehydrogenase
and TPNH-diaphorase were demonstrated with
Barka's modification technique (13) with incuba-
tion for 20—30 minutes at 37° C. The method of
Scarpelli et al. (14) as modified by Barka (13)
was used for demonstration of DPNH-diaphorase
with an incubation period of 20—30 minutes at
37° C. For the demonstration of cytochromc
oxidase Burstonc's technique was used (15). The
method of Nachlss et al. (16) was applied to
demonstrate aminopeptidase with incubation of
30—40 minutes at 37° C. For nonspecific esterase,
the method of Davis and Ornstein (17) was used
with 2—3 minutes incubation at room temperature.
Barka's technique (13) was used to demonstrate
acid phosphata.se with 20—30 minutes incubation
at room temperature. Control sections were incu-
bated for identical periods in media lacking sub-
strates.
Biopsy specimens were also fixed in formalin,
Bouin's or Carnoy's fixatives. The following stain-
ing methods were used: modified Harris' hema-
toxylin and eosin, periodic acid-Schiff (PAS),
phosphotungstic acid-hematoxylin, Wilder's reticu-
lum, Feulgen, Alcian blue, Masson's trichrome,
and euchrysine (18). Specimens for electron micros-
oopy were fixed for 1 hour in cold 1% buffered
osmium tetroxidc solution and thin-sectioned after
dehydration and embedding in plastic mixture
(19). The sections were stained with Rcynold's
lead citrate and uranyl acetate.
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RESULTS
The development of bovine fibropapilloma
could be divided into 5 stages based on the
histological findings. The intensity of the histo-
chemical reactions of the different stages were
compared with those found in normal bovine
skin (Table I).
The stage of inflammatory reaction lasted
from 1 to 7 days post-inoculation (PT). The
inoculation sites had destruction of collagen
fibers with infiltration of inflammatory cells,
principally polymorphonuclear leukocytes ex-
tending throughout the area. There was also a
necrotizing vasculitis and perivascular cuffing
with neutrophils. The oxidative enzymes
(DPNH-diaphorase, TPNH-diaphorase, cyto-
chrome oxidase, and succinic dehydrogenase),
esterase, aminopeptidase and alkaline phospha-
tase were localized in the areas of inflammatory
infiltrate (Fig. 1). The collagen fibers remained
unstained and no marked difference of enzyme
activity of the epidermis was found in compari-
son with that seen in normal epidermis.
The stage of fibroplasia lasted from 1 to 4
weeks PT. There was a prominent proliferation
of fibroblasts between collagen fibers and in
areas where collagen fibers were destroyed. PAS
positive cytoplasmic granules were found only
in juvenile fibroblasts. Electron micrographs
revealed that the proliferating fibroblasts had
a well developed endoplasmic reticulum, promi-
nent Golgi apparatus, numerous vesieles, and
membrane-hound oval bodies. The alcian blue
and PAS positive intercellular substance seen
by light microscopy was revealed as amorphous
material (Fig. 5). Newly formed collagen fibrils
with a distinct orientation around fibroblasts
(Fig. 5) were stained with PAS and silver
impregnation (Fig. 3). The oxidative enzymes
(Fig. 2), aminopeptidase, and alkaline phos-
phatase were strongly active in the fibroplastic
areas and esterase was less active. Marked
acid phosphatase activity was found in granu-
lomatous lesions.
The stage of acanthosis lasted from 4 to 10
weeks PT. The lesions were characterized by
acanthosis with slight hyperkeratosis and prom-
inent fibroplastic activity in the dermis. Clear
vacuolated cells and keratogenic cells were dis-
tinguished in the acanthotic epidermis. Oxida-
tive enzymes were markedly concentrated
around nuclei and little activity was observed
in the rest of the cytoplasm (Fig. 6). These
enzyme activities were prominent in the lower
layer of the epidermis. Acid phosphatase ac-
tivity was increased in the hyperkeratotic layer.
Esterase activity was also increased being es-
pecially prominent in the stratum germinati-
vum. The enzyme activity in the fibromatous
dermis was similar to that of the previously
described fibroplastie stage.
The stage of papillomatosis lasted 10 to 35
weeks PT. Characteristic features were papil-
lomatosis with a moderate hyperkeratosis and
numerous clear to vacuolated cells. The vaeuo-
lated cells were readily recognized by their
large nuclei, clear cytoplasm, loss of intercellu-
lar bridges, and few tonofibrils (Fig. 7). The
keratinizing cells were smaller than vacuolated
cells and had abundant tonofibrils with intact
intercellular bridges. The ultrastructure of
vacuolated cells revealed aggregations of free
ribosomes, few tonofilaments, loss of desmo-
somes, and degeneration of cellular organdIes
Fic. 1. Stage of inflammatory reaction at 3 days post-inoculation. Alkaline phosphatasa
activity is shown as a dark staining area in iaflammatory cells surrounding the inoculation
site. X 22.
FIG. 2. Stage of fibroplasia at 2 weeks. Succinic dehydrogenase activity is found in pro-
liferating fibroblasts between collagen fibers (CF). >< 100.
Fac. 3. Stage of fibroplasia at 2 weeks. Note the network of aryrophilic fibers in the fibro-
plasia area. Wilder's reticulum stain. X 90.
Fic. 4. Stage of acanthosis at 6 weeks. Intense DPNH-diaphorase activity is shown in
proliferating fibroblasts of the fibromatous dermis. )< 100.
Fic. 5. Electron micrograph of fibroblasts in the stage of fibroplasia at 2 weeks. Collagen
fibrils are arranged parallel with amorphous ground material and there are abundant cyto-
plasmie filaments in the proliferating fibroblast. X 6,000.
Fic. 6. Stage of acanthosis at 6 weeks. Strong DPNH-diaphorase activity is localized in
the perinuclear cytoplasm and is somewhat more prominent in the lower layer of the epi-
dermis. X 350.
Fic. 7. Stage of papillomatosis at 30 weeks. The clear, somewhat vacuolated cells have
large nuclei with clear cytoplasm devoid of tonofibrils. Note the lack of intercellular bndges
and dilated intercellular spaces (arrows). Keratogenie cells have prominent tonofibrils in
their cytoplasm. Phosphotungstic acid hematoxylin stain. >< 600.
Fic. 8. Stage of papilloniatosis at 36 weeks. Intranuclear inclusion body in a cell at thejunction of the keratinized layer and stratum granulosum. H & E stain. >< 1,400.
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(Fig. 9). In contrast, keratinocytes had lost
their normal discrete arrangement of tonofila-
ments and the cytoplasm contained large dense
bundles of tonofilaments.
Eosinophilic cytoplasmie inclusions were
Feulgen negative and frequently observed in
vacuolated cells in the stratum granulosum. In
electron micrographs they were seen to consist
of disorganized whorls of tonofilaments and
electron dense bodies. Faintly staining eosino-
philic intranuelear inclusions with an indistinct
halo were found in vacuolated cells mainly in
the stratum granulosum and less frequently in
upper stratum spinosum (Fig. 10, 11). When
the vacuolated cells containing intranuclear in-
clusions were embedded in the keratinized
layer, the cytoplasm was absent and the intra-
nuclear inclusions appeared flattened and baso-
philic (Fig. 5). The intranuclear inclusion
bodies fluoresced yellow green after staining
with euchrysine and Feulgen positive indicating
the presence of DNA (Fig. 13, 14). The cyto-
plasm of vacuolated cells was an intense red
color with euchrysine stain suggesting produc-
tion of RNA (20). Electron microscopy re-
vealed that eosinophilic intranuclear inclusions
contained diffusely dispersed virus particles
with nuclear chrcmatin concentrated at the
nuclear membrane (Fig. 9). The basophilic in-
tranuclear inclusions consisted of closely aggre-
gated or crystalline arrayed virus particles
(Fig. 12).
The highest acid phosphatase activity was
encountered in the keratinized layer and mod-
erate activity was found in epithelial cells ad-
jacent to the kcratinized layer (Fig. 17). The
intense activity of oxidative enzymes persisted
in the stratum germinativum but decreased
markedly in upper layers of the epidermis (Fig.
15, 18). The epithelial cells adjacent to the
keratinized layer lost the characteristic pen-
nuclear enzyme distribution and had irregular
localization of enzymes (Fig. 15). The TPNH-
diaphorase activity remained relatively in the
more superficial layers. The esterase activity
was observed in the stratum germinativum and
lower layer of stratum spinosum (Fig. 20).
The hyperplastic epithelial cells had no alkaline
phosphatase (Fig. 19) or aminopeptidase activ-
ity. In some warts glycogen was demonstrated
in the cytoplasm of cpithclial cells at the
stratum spinosum (Fig. 21). The enzyme ac-
tivity in the fibromatous dermis was decreased
in comparison to that seen in previous states.
The stage of regression lasted from 25 to 60
weeks P1. Striking changes were marked hyper-
keratosis, hyalinization of the dermis, and a
cellular dermal infiltration, mainly lympho-
cytes. Focal disruption of the dermo-epidermal
junction, parakeratosis and dyskeratosis were
also observed. The enzyme activities of esterase
and oxidative enzymes (Fig. 16) were markedly
decreased and localized in the basal and supra-
basal layers. Acid phosphatase was strongly
reactive in the keratinized and parakeratotic
layers. Aminopeptidase, alkaline phosphatase
(Fig. 22), esterasc and oxidative enzymes were
markedly less active in the hyalinizing dermis.
Electron microscopy revealed numerous elec-
tron-dense bodies similar to the morphological
Fro. 9. Stage of papillomatosis at 32 weehs. Numerous virus particles are seen in close
contact with the small clumps of ehromatin (arrows) dispersed through the nucleus. Note
the thin rim of chromatio close to the inner nuclear membrane. ICeratohyaline (KH), stra-
tum corneum (SC). X 14,000.
Ftc. 10. Stage of papillomatosis at 32 weeks. Fluorescence photomierograph of a large
yellow green intranuelear inclusion in a clear or vacuolated cell of the stratum granulosum.
The cytoplasm was an intense red color. Euchrysine stain, >< 800.
Ftc. 11. Stage of papillomatosis at 32 weeks. These nuclei are almost filled with homoge-
neous eosinophilic material and are surrounded by a thin rim of nuclear chromatin (arrow).
No nuclear halo is visible. H & E stain. X 800.
Em. 12. Stage of papillomatosis at 36 weeks. Electron micrograph of inclusion body em-
bedded in the keratinized layer. The nucleus is entirely replaced with a crystalline array of
virus particles and no nuclear or cytoplasmic components can be discerned. X 13,000.
Ftc. 13. Stage of papillomatosis at 36 weeks. Fluorescence photomicrograph of inclusion
bodies (arrows) embedded in the keratinized layer. No cytoplasmie components fluoresced.
Euchrysioe stain. >< 800.
Ftc. 14. Stage of papillomatosis at 30 weeks. Inclusion bodies (arrows) in the keratinized
layer gave a strong Feulgen reaction. Feulgen stain. X 600.
Ftc. 15. Stage of papillomatosis at 30 weeks. Perinuclear cytoplasmic TPNH-diaphorase
activity is preserved in the stratum germinativum and the lower level of the stratum spino-
sum. A progressive decrease and irregular distribution of enzyme activity is evident toward
the superficial layer. >< 400.
Fm. 16. Stage of regression at 40 weeks. TPNH-diaphorase activity remains principally
in the basal cells and is gradually decreased toward the superficial layer. X 400.
BOVINE FIBIIOPAPILLOMAS 459
Fios. 9—16
A 
II 
IC
II_
_ 
•
A 
iV
 
460 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
FIGS. 17—24
fr
;: fr
-t
A
er
p
V
:*,
BOVINE FIBROPAPILLOMAS 461
gregated virus particles tended to stain with
basophilic dye and were positive for DNA.
Both cosinophilic and basophilic intranuclear
inclusions have been described in epithelial cells
of human warts and only the basophilic intra-
nuclear inclusion was correlated with the for-
mation of human wart virus. Cytoplasmic
cosinophilic inclusions were considered to be
abnormal keratinized materials (24). Similar
Feulgen-negative, cytoplasmic, eosinophilic in-
clusions were reported in the stratum corneum
No evidence of viral replication was detected of canine oral papilloma cells (25).
by electron microscopy or histochemical exami- Considerable epidermal glycogen was found
nation of the proliferating fibroblasts and pro- in the stages of papillomatosis and regression
lifcrating epithelial cells. The stimulus for but! was not consistently demonstrable in all
proliferation of these cells is not known. How- cases. Glycogen is regarded as energy for such
ever, it is conceivable that virus genome was processes as growth, repair, and keratinization
incorporated into these cells and acted as a (26, 27, 28). The distribution of epidermal
stimulus for proliferation. Apparently kcrato- glycogen may be related to the utilization of
genie and vacuolatcd cell populations developed the enzymes which are involved in converting
from those produced during the stage of cpithe- glucose to glycogcn (29). In the light of the
hal hyperplasia and their sequential patho- irregular staining results, glycogen seems not to
logical changes could be followed progressively be a decisive factor in regard to acanthosis,
from the lower levels of the stratum spinosum keratinization and mitotic activity.
to the stratum corneum. The keratogenic cells Cytochrome oxidase, succinic dehydrogenase,
were not associated with virus production. They DPNH-diaphorasc, and TFNH-diaphorase ae-
had no intranuclcar inclusion bodies but were tivity was increased in the stage of acanthosis.
rich in tonofilamcnts and keratohyahin which However, these enzyme activities were pro-
have been suggested to be the epidermal pre- gressivcly decreased in cells as they approached
cursors of keratin (21, 22, 23). Vacuolated cells the keratinized layer in the stages of papil-
apparently supported viral replication as in- lomatosis and regression. Disruption of the
dicated by their development of intranuclear perinuclear pattern of these enzymes and a de-
inclusion bodies. The staining intensity of the creased enzyme activity in epithelial cells ad-
intranuclear inclusions with euchrysinc and jacent to the keratinized layer may be related
Feulgen stains seemed to depend upon the to degenerative changes of the mitochondria
density of viral aggregation. The eosinophilic and other cellular organdies during keratiniza-
intranuclear inclusion appeared to be an early tion. Electron micrographs revealed that nu-
stage of viral aggregation. The crystalline ag- merous mitochondria were scattered around
Fio. 17. Stage of papillomatosis at 38 weeks. Thick keratinized layer and adjacent epidor-
mal cells show acid phosphatase activity while other layers are not stained. >< 100.
Fm. 18. Stage of papillomatosis at 30 weeks. Perinuclear cytoplasmic DPNH-diaphorase
activity is marked in the lower layer of the epidermis and decreases gradually toward the
superficial layer. Note the enzyme activity in the fibromatous dermis. >< 100.
Fio. 19. Stage of papillomatosis at 28 weeks. Intense alkaline phosphatase activity is
found in the fibromatous dermis. Enzyme activity is absent in the epidermis and melanin
pigments appear as coarse granules. )< 100.
.
Fio. 20. Stage of papillomatosis at 26 weeks. Esterase activity is confined mainly to the
stratum germinativum and the lower layer of stratum spinosum. Coarse granules of melanin
pigments are present in the epidermis. >< 100.
Fio. 21. Stage of papillomatosis at 38 weeks. Note the marked accumulation of glycogen
in epidermal cells. PAS stain. >( 350.
Fio. 22. Stage of regression at 42 weeks. Alkaline phosphatase activity is markedly de-
creased in the hyahinized dermis. Endothelial cells and perivascular area are stained. X 100.
Ftc. 23. Stage of papillomatosis at 26 weeks. Note the dense network of argyrophilic fi-
hers in the fibromatous dermis. Wilder's reticulum stain. )< 90.
Rio. 24. Stage of regression at 56 weeks. The dermis (D) shows a homogeneous appear-
ance and absence of argyrophilic fibers. Note dermo-epidermal separation with inflammatory
cells and degenerating epithelial cells (arrows). Wilder's reticulum stain. >< 90.
appearance of lysosomes in keratinocytes of the
stratum spinosum. They were surrounded by a
limiting membrane and contained electron-
dense granules or homogeneous materials (Fig.
25). In contrast to the fibromatous dermis of
the previous stages, the hyahinized areas were
devoid of argyrophilic fibers and adjacent
fibromatous areas had a collagen like appear-
ance (Fig. 23, 24).
DIscUssION
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Fxo. 25. Electron-dense bodies (arrows) may be seen around the nucleus of keratinocytes
in the stratum spinosum. Desmosome (D). Nucleus (N). Tonofilaments (T). >< 9,500. Inset
shows detail of the electron-dense bodies. )< 38,000.
nuclei in basal cells. The mitochondria gradu-
ally degenerated and were decreased in number
as cells progressed toward the superficial layers.
The oxidative enzymes in the epidermis have
been shown to be localized in mitochondria
(30, 31, 32). Oxidative enzymes have been re-
ported to have increased activity in skin cancer
and hyperplastic epidermis of psoriasis (33, 34,
35, 36, 37) but other reports indicate a decrease
of enzyme activity in skin cancer (30, 38, 39).
Acid phosphatase activity increased progres-
sively in the keratinized layer with the advance
of keratinization in the stages of papillomatosis
and regression. It was not correlated with pro-
liferation of fibroblasts or epithelial cells. An
increased enzymatic activity has been described
in the keratinizing layer and transitional zone
in various types of verrucae and a decreased
activity in epidermoid carcinoma (40). By
electron microscopy, the enzyme was observed
in the cytoplasm of cells in the upper epider-
mis, within the nuclear membranes and in the
nucleated cells of the stratum corneum (41).
Recently in human and mouse skin, enzyme
activity was demonstrated in membrane-bound
structures suggestive of lysosomes (42, 43).
Acid phosphatase has been considered to func-
tion by disposing of material from keratinizing
processes (44, 45). Membrane bounded elec-
tron-dense bodies were greatest in the late re-
gressing stage of experimental keratoacanthoma
(46). Rapid proliferation and keratinization
4 
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accelerated production of Odland bodies con-
taining acid phosphatase (47). In the stages of
acanthosis and papillomatosis, marked esterase
activity was demonstrated in the basal layer
which decreased in the regressing stage. Ester-
ase activity has been found in neoplastic
epithelial cells, whereas mesenchymal tumor
cells exhibited little or no activity (48, 49).
Intense activity of the oxidative enzymes,
aminopeptidase, alkaline phosphatase, and es-
terase appears to be associated with fibrogenesis
since marked enzyme activity was observed in
the stage of fibroplasia and acanthosis when
fibroblastic proliferation was most intense.
These enzyme activities diminished progres-
sively as fibroblasts matured and a very weak
reaction was observed in the hyalinizing dermis
of regressing warts. These sequential changes of
enzyme activity might be related to cellular
metabolism in differentiating fibroblasts. The
intensity of enzyme activity was correlated
with an active appearance of fibroblasts as ob-
served by electron microscopy. Aminopeptidase
activity in connective tissue adjacent to inva-
sive epithelial tumor cells has been associated
with proteolytic destruction of stromal com-
ponents (50, 51). However, Monis et al. (52)
believed that this enzyme activity in the stroma
of the neoplasm was a biological property of
proliferating connective tissue and was not
specifically related to the invasive properties of
malignant tumors. In bovine fibropapilloma,
aminopeptidase and alkaline phosphatase ac-
tivity was not related to proliferation of epi-
thelial cells or hyperkeratosis. Generally tumor
cells have shown a lack of alkaline phosphatase
activity suggesting this enzyme plays a limited
role in the metabolic processes of malignant
tissue (48, 53, 54).
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